no differences in the incidence of hypercalcemia between the two groups. Except for a decrease in phosphorus in the compliant group (5.6 ± 1.6 to 4.9 ± 1.7 mg/dl, p = 0.004), there were no significant difference in bone/mineral or anemia parameters including dosing of darbepoetin. Conclusion: An ergocalciferol-prescribing strategy using the KDOQI guidelines for stage III-IV kidney disease in HD patients with VitD deficiency or insufficiency is inadequate to achieve repletion or maintenance of normal VitD levels.
mellitus, infection, multiple sclerosis, autoimmune disease, lung function, and mental health [1, 3, 7, 8] .
In patients with end-stage renal disease (ESRD) on hemodialysis (HD), vitamin D insufficiency is widely prevalent. Reports have shown that in this population, at least 75% of the patients are vitamin D insufficient, likely due to inadequate sunlight exposure, inefficient 25(OH)D formation by the skin, and dietary deficiency [2, [9] [10] [11] . African-American dialysis patients have particularly high rates of insufficiency, but previous studies of vitamin D supplementation have focused primarily on Caucasian populations [12] . Additionally, evolving research has found that many cells and tissues, such as those of the prostate, colon, breast, lung, pancreas, parathyroid, and lymphocytes, contain vitamin D receptors (VDRs) and can convert 25(OH)D into 1,25(OH) 2 D [13] . Interestingly, it has been postulated that these cells also possess the ability utilize 25(OH)D directly, meaning, 25(OH)D does not need to be converted to 1,25(OH) 2 D in order activate VDRs [9, 14] . In addition, 25(OH)D metabolism outside of the renal-hydroxylase system may produce active metabolites, other than 1,25(OH) 2 D, that activate VDRs [15] .
Studies regarding vitamin D supplementation, using inactivated vitamin D (cholecalciferol or ergocalciferol) in insufficient ESRD patients have shown significant and favorable effects on laboratory parameters of bone and mineral metabolism, reduced doses of activated vitamin D analogs, phosphorus binders, and erythropoiesis-stimulating agents (ESAs), improvements in glycemic control, impr ovements in serum albumin levels, and reduced circulating levels of inflammatory markers such as C-reactive protein [2, 10, 12] . Vitamin D deficiency has also been suggested to be a risk factor for mortality [16] . However, specific guidelines for repletion of 25(OH)D levels with inactive vitamin D in patients with ESRD do not exist [3, 17, 18] .
The purpose of this study is to assess the efficacy of a prescription-based ergocalciferol repletion strategy in a population of urban, primarily African-American ESRD patients using the KDOQI Clinical Practice Guidelines' (for Bone Metabolism and Disease in Chronic Kidney Disease) recommendations for vitamin D supplementation in patients with CKD stages III-IV. The effect of ergocalciferol replacement on laboratory parameters and ESA, activated vitamin D, and phosphorus binder doses were also examined.
Methods

Study Design
This study is a retrospective cohort study of participants who were on HD at a single dialysis unit associated with an academic institution in Chicago, Ill., USA (latitude 41). Each HD patient had a baseline 25(OH)D level drawn before starting ergocalciferol sup plementation. Oral ergocalciferol replacement was given according to KDOQI guidelines for chronic kidney disease (CKD) stages III-IV: patients with 25(OH)D levels <5 ng/ml were given 50,000 IU weekly for 12 weeks then once monthly for 3 months; patients with 25(OH)D levels of 5-15 ng/ml were given 50,000 IU weekly for 4 weeks followed by 5 monthly doses of 50,000 IU, and patients with 25(OH)D levels 16-30 ng/ml were given 6 monthly doses of 50,000 IU. Patients with normal 25(OH)D levels at baseline were not prescribed ergocalciferol supplementation and were therefore not included in this analysis. The 25(OH)D levels were reassessed at 6 mo nths and patients were again given ergocalciferol according to the KDOQI dosing protocol for CKD stages III-IV. Relevant laboratory and clinical variables were assessed at baseline and 6, 9, and 11 mo nths when 25(OH)D levels were measured. The institutional review board at the University of Illinois at Chicago approved the study.
Variables and Data Sources
Serum 25(OH)D levels were measured in September 2009 (study baseline). At this time, doses of medications including darbepoetin, doxercalciferol, cinacalcet, and sevelamer were also recorded. Baseline laboratory parameters including calcium, parathyroid hormone (PTH), phosphorus, albumin, iron, total ironbinding capacity, ferritin, and hemoglobin were determined based on the monthly blood draw performed by the HD unit. Demographic data including age, gender, race, dialysis vintage, and comorbidities including diabetes, hypertension, coronary artery disease, congestive heart failure, cerebrovascular accident, hyperlipidemia, failed kidney transplant, and cancer were abstracted from review of the electronic medical record. Medication doses and laboratory variables were reassessed at 6 and 11 months after treatment initiation in all participants.
Patient compliance with the prescribed ergocalciferol regimen was determined from University of Illinois Pharmacy dispensing records for approximately 65% of the patients. For the patients who, due to insurance constraints, obtained the ergocalciferol from outside pharmacies, compliance was assessed via patient interview and requests for additional refills per the electronic medical record. Participants were considered to be compliant if the ergocalciferol course prescribed was completed and non-compliant if the course was either not started or partially completed.
Statistical Methods
We examined differences between the groups using one-way analysis of variance (ANOVA) for normally distributed continuous variables and Wilcoxon signed rank test for non-normally distributed variables. χ 2 or Fisher's exact test was used for categorical variables. Analyses were carried out with SAS version 9.2 (SAS Institute, Inc., Cary, N.C., USA).
Results
Participants and Baseline Demographic and Clinical Data
Of the 96 participants included in the study, 42 (44%) had 25(OH)D insufficiency (16-30 ng/ml), 53 (55%) had 25(OH)D deficiency (5-15 ng/ml), and 1 (1%) had severe 25(OH)D deficiency with a level <5 ng/ml ( table 1 ) . 66 (69%) participants were African-American and 27 (28%) were Hispanic. When participants were divided into groups based on medication compliance, the non-compliant group was younger (52.5 ± 14.6 vs. 59.7 ± 15.9 years, p = 0.03) but otherwise similar to the compliant group in terms of gender, race, dialysis vintage, and co-morbidities. Baseline bone metabolism parameters were similar between the two groups ( t able 2 ). The baseline hemoglobin was similar among the two groups (non-compliant 11.3 ± 1.4 g/dl, compliant 11.3 ± 1.4 g/dl, p = 0.94). Median baseline darbepoetin usage was 30 μg/week with an IQR 12.5-50 for the noncompliant group and 25 μg/week with an IQR 18-40 (p = 0.98). Values are means ± SD or n (%). Values are means ± SD or median (interquartile range). There were no statistical differences between baseline values for the noncompliant group and compliant group.
Changes in Serum 25(OH)D Levels with Ergocalciferol Repletion
When 25(OH)D levels were reassessed at 6 months, participants who had been compliant (n = 61) with the ergocalciferol regimen had a significant increase in serum 25(OH)D levels (14.7 ± 6.0 to 28.7 ± 10.0 ng/ml, p < 0.0001) while those that were not compliant had no significant change (14.7 ± 5.5 to 14.8 ± 7.1 ng/ml, p = 0.95) ( table 1 ). At 6 months, 41% of the compliant group achieved a normal 25(OH)D compared to 6% in the noncompliant group (p < 0.0001) ( fig. 1 a) .
After 6 months, those individuals with persistently low 25(OH)D levels were prescribed a second course of ergocalciferol as described earlier. All patients had 25(OH)D levels reassessed at 9 months and 60% of the compliant group had normal 25(OH)D levels while 37% were insufficient and 3% were deficient ( fig. 1 b) . At 11 months of follow-up, cohort 25(OH)D levels decreased, with only 37% of the compliant group maintaining a normal 25(OH)D level while 25(OH)D insufficiency and deficiency increased to 54% and 9%, respectively ( fig. 1 b) . Table 2 lists the changes in bone laboratory parameters and medication doses during the period of followup. At 6 months of follow-up, there was no significant change in the PTH, calcium, or corrected calcium levels in either the non-compliant or compliant groups. The compliant group did show a significant increase in albumin. The compliant group also had a significant decrease in serum phosphorus (5.6 ± 1.6 vs. 4.9 ± 1.7 mg/dl, p = 0.004) while sevelamer use significantly increased (p = 0.0005). There was no significant change in dose of doxercalciferol or cinacalcet.
Changes in Calcium, Phosphorus, PTH, and Medications with Ergocalciferol Repletion
For safety, calcium levels were monitored closely for all patients during the study period. At our center, the normal range for serum calcium is between 8.6 and 10.6 mg/dl. Anyone with a calcium level >10.6 was labeled having a high calcium level that could potentially be from ergocalciferol supplementation. In our cohort, there were 5 of 30 (17%) in the non-compliant group and 5 of 56 (9%) in the compliant group that had a high calcium level anytime during the study period but this difference was not significant (p = 0.35). Only 2 individuals had a serum calcium level >11 including one at 11.3 (compliant group) and another at 11.2 (non-compliant group).
Changes in Hemoglobin and ESA Use with Ergocalciferol Repletion
Hemoglobin levels were similar between the two groups during the entire study cohort. ESA use was evaluated between the two groups. We examined weekly usage, weekly usage by weight, and weekly usage by weight by hemoglobin. Overall, there were no differences in darbepoetin dosage between the two groups. A subgroup analysis of compliant versus non-compliant patients with baseline 25(OH)D levels <15 ng/ml also showed no difference in hemoglobin levels (11.2 ± 1.7 vs. 11.4 ± 1.1 g/dl, p = 0.64) or darbepoetin dosing (0.38 ± 0.32 vs. 0.53 ± 0.65 μg/kg/month, p = 0.39) in the first 6 months.
Discussion
This study demonstrates that 25(OH)D deficiency is highly prevalent in our population of HD patients. It also demonstrates that a prescribing strategy for ergocalciferol replacement using dosing guidelines for CKD stages III-IV is inadequate for HD patients with 25(OH)D deficiency, as many deficient participants failed to reach normal serum 25(OH)D levels with replacement regimens designed for CKD patients. In addition, the decrease in the number of participants with normal 25(OH) D levels between 9 and 11 months of follow-up suggests that even after achievement of normal levels by repletion, HD patients may need ongoing oral supplementation to maintain normal levels. Finally, while favorable improvements in relevant laboratory parameters such as hemoglobin or PTH were not observed with ergocalciferol replacement in this study, neither were negative changes in parameters such as calcium.
The high prevalence of 25(OH)D deficiency and insufficiency in our HD population is consistent with that seen in several other studies [2, [10] [11] [12] . While the population in this study is at disproportionate risk for 25(OH) D deficiency and insufficiency due to the high percentage of African-American participants and the geographic location of the study, the results also highlight diseasespecific risk factors for 25(OH)D deficiency including decreased consumption of 25(OH)D rich foods such as dairy due to dietary restrictions for phosphorus control and decreased sunlight exposure due to health factors. An alternative explanation for the high prevalence of vitamin D deficiency is suggested by a study by Bhan et al. [19] that found that African-American dialysis patients have lower levels of vitamin D-binding protein than Caucasian patients, and therefore have higher levels of free, bioavailable 25(OH)D than suggested by routinely measured total serum levels of 25(OH)D.
Our results also demonstrate the need for dosing guidelines for 25(OH)D replacement and maintenance specifically for HD patients. While compliant patients in this study did experience a significant increase in serum 25(OH)D levels with the KDOQI dosing regimen for CKD stages III-IV, most of the participants remained 25(OH)D-deficient at 6 months, requiring a second round of ergocalciferol replacement. Additionally, the number of participants with normal serum 25(OH)D levels fell between 9 and 11 months of follow-up, suggesting that HD patients need ongoing oral maintenance doses to maintain normal levels. Further studies are needed to delineate the optimal ergocalciferol repletion and maintenance dosing schedule in the ESRD population.
The prescribing strategy used in this study also highlights the need for the likelihood of patient compliance with a 25(OH)D regimen to be taken into account by healthcare providers. Other strategies, such as directlyobserved therapy accomplished by provision of vitamin D supplementation during dialysis treatments, have been shown to result in sustained improvements in serum 25(OH)D levels in dialysis patients [20] . However, the additional burden on dialysis unit staff to dispense this medication during dialysis treatments must be balanced against the benefit of improved patient compliance when considering such a prescribing strategy.
Our patients who were compliant with prescribed ergocalciferol did not have hypercalcemia at a disproportionate rate compared to non-compliant patients, suggesting concordance with the findings of a randomized controlled trial of cholecalciferol supplementation that 25(OH)D supplementation is safe in this population [21] . The reason for the lack of an observed calcemic effect are suggested by a study by Armas et al. [22] that found that raising serum 25(OH)D to normal levels in HD patients using weekly cholecalciferol supplementation had no effect on intestinal absorption of calcium measured using a standardized labeled calcium meal.
Contrary to other studies, we did not find improvements in hemoglobin with ergocalciferol replacement [10, 12] . We did observe a small decrease in serum phosphorus levels in the compliant population. However, that group also used more phosphate binders which may explain the decrease. We also observed a small but statistically significant increase in serum albumin at 6 months of follow-up in compliant participants, consistent with other studies [9, 12] . Other parameters such as PTH and calcium did not change appreciably with an increase in 25(OH)D. However, Bhan et al. [19] found that bioavailable levels of 25(OH)D correlate better with PTH and calcium then total 25(OH)D levels. Since the bioavailability of 25(OH)D varies by race, especially in AfricanAmericans [23] , the correction of total 25(OH)D may not be an appropriate target for mineral metabolism.
Several studies have suggested that ESA use may decrease with ergocalciferol therapy [12, 24] . These studies compared ESA usage before and after supplementation but did not have a control group for comparison. Our results did not reveal any significant difference in darbepoetin use between the compliant and non-compliant group. One possibility for not seeing a significant drop in darbepoetin usage as seen in other studies is that less than half of the compliant group was able to reach 25(OH)D levels >30 ng/ ml. Kumar et al. [24] reported a significant decrease in ESA usage for those with 25(OH)D levels >30 ng/ ml compared to those treated and were still <30 ng/ml.
One of the strengths of this study is the use of a control group to compare the effectiveness of this prescribing strategy and its effects of bone metabolism and anemia management. Except for age where the non-compliant group was younger, the two groups were similar in terms of gender, race, and co-morbidities. The control group also showed no significant change in 25(OH)D levels at baseline and after 6 months of treatment, reinforcing their non-compliance and supporting the use of them as a control group. While non-compliance may influence bone metabolism parameters such as serum phosphorus levels, binder usage, and PTH, anemia management is typically under the control of the medical team by administering intravenous iron and darbepoetin during dialysis.
There are several limitations to this study. First, the majority of participants in this study were AfricanAmerican or Hispanic, which may affect generalizability of the results to other racial or ethnic populations, especially since it is recognized that African-Americans are at increased risk for 25(OH)D deficiency [6] . Second, because the prevalence of 25(OH)D deficiency varies with latitude [25, 26] , patients in other geographic locations may have different rates of 25(OH)D insufficiency or deficiency. However, 25(OH)D deficiency has been noted to be highly prevalent regardless of geographic location in CKD patients [27] . Similarly, seasonal variation in vitamin D levels is well known with a higher prevalence of vitamin D deficiency during the winter compared to the summer in HD patients [28] . In our cohort, our 6-month follow-up period included the fall and winter months where vitamin D levels would be expected to decrease. However, over 40% of our compliant patients achieved normal 25(OH)D levels while our non-compliant group showed no significant change. Furthermore, at 9 and 11 months (June and August 2010, respectively), more compliant and non-compliant patients had normal 25(OH)D levels. However, the compliant group had a significantly higher proportion at 9 months, suggesting an incremental effect of treatment on 25(OH)D levels.
In conclusion, 25(OH)D deficiency and insufficiency is a common problem in HD patients. Oral ergocalciferol replacement appears to be safe but dosing strategies need to be adjusted for HD patients as protocols developed for CKD stages III-IV patients appear to be inadequate in the ESRD population. Future studies should be designed to address questions of dosing, clinical outcomes, and costeffectiveness in 25(OH)D-deficient HD patients.
